Background-The course of inflammatory bowel disease after liver transplantation has been reported as variable with usually no change or improvement, but there may be an increased risk of early colorectal neoplasms. In many centres steroids are often withdrawn early after transplantation and this may aVect inflammatory bowel disease activity. Aims-To evaluate the course of inflammatory bowel disease in primary sclerosing cholangitis transplant patients who were treated without long term steroids. Methods-Between 1989 and 1996, there were 30 patients transplanted for primary sclerosing cholangitis who survived more than 12 months. Ulcerative colitis was diagnosed in 18 (60%) patients before transplantation; two had previous colectomy. All patients underwent colonoscopy before and after transplantation and were followed for 38 (12-92) months. All received cyclosporin or tacrolimus with or without azathioprine as maintenance immunosuppression. Results-Ulcerative colitis course after transplantation compared with that up to five years before transplantation was the same in eight (50%) and worse in eight (50%) patients. It remained quiescent in eight and worsened in four of the 12 patients with pretransplant quiescent course, whereas it worsened in all four patients with pretransplant active course (p=0.08). New onset ulcerative colitis developed in three (25%) of the 12 patients without inflammatory bowel disease before transplantation. No colorectal cancer has been diagnosed to date. Conclusions-Preexisting ulcerative colitis often has an aggressive course, while de novo ulcerative colitis may develop in patients transplanted for primary sclerosing cholangitis and treated without long term steroids. (Gut 1998;43:639-644) Keywords: liver transplantation; inflammatory bowel disease; ulcerative colitis; primary sclerosing cholangitis; immunosuppression Primary sclerosing cholangitis (PSC) is associated with inflammatory bowel disease (IBD) and most commonly with ulcerative colitis in 55-75% of patients.
Primary sclerosing cholangitis (PSC) is associated with inflammatory bowel disease (IBD) and most commonly with ulcerative colitis in 55-75% of patients. 1 2 Although extent, duration, or severity of IBD correlates poorly with the natural course of PSC, [1] [2] [3] [4] [5] patients with PSC usually have mild or asymptomatic but extensive colitis. 3 6 7 As no specific treatment has been identified that can arrest the progression of liver disease in patients with PSC, hepatic failure and complications of portal hypertension develop in many cases, 3 and then orthotopic liver transplantation (OLT) is the only potentially curable therapy. 8 9 Immunosuppressive agents such as cyclosporin, steroids, and azathioprine, which are used after OLT, are considered as therapeutic options for IBD. 10 11 Hence, it would be anticipated that the course of IBD should improve after OLT or at least remain mild or asymptomatic as it had been before OLT. However, data from the few published studies of post-transplant IBD seem to be conflicting, as they describe a variable IBD course with mostly improving and rarely worsening disease. [12] [13] [14] [15] [16] [17] [18] [19] Furthermore, although the influence of OLT and the subsequent immunosuppression on cancer risk has not been clarified, there have been reports of an increased risk of early colorectal cancer in transplanted patients with IBD. 17 20-22 In many centres steroids are often withdrawn early post-OLT 23 24 and this may aVect the course of IBD. Therefore, we evaluated prospectively the course of IBD in patients transplanted for PSC who were treated without long term steroids as part of their maintenance immunosuppressive regimen.
Methods

TOTAL POPULATION
Between May 1989 and October 1996, a total of 41 patients with end stage liver disease due to PSC underwent OLT in our centre. There were 26 men and 15 women, with a mean age of 40 (13) years (range . The diagnosis of PSC was confirmed by pretransplant cholangiography and histological examination of the explant in all cases. The median duration of PSC from diagnosis was 50 (3-360) months and the mean bilirubin serum concentration was 192 (139) µmol/l (range 44-604). Cholangiocarcinoma was present in four patients; it was detected before transplantation in two (as positive bile cytology without mass lesion), and found incidentally at explant in the other two patients (table 1) .
Total colonoscopy was performed and colonic mucosa biopsy specimens were taken from all patients with PSC in the previous six months before OLT irrespective of bowel symptoms and previous IBD diagnosis. IBD diagnosis was based on clinical symptoms, endoscopic findings, compatible colon histology, and exclusion of other causes of inflammation in all cases. All patients with IBD were evaluated in detail and characteristics of IBD course were carefully recorded. Characteristics of IBD included type, extent, and duration of IBD, maintenance treatment, number and severity of exacerbations, number of hospital admissions, courses and total duration of steroid therapy, need and duration of azathioprine therapy, and possible colectomy.
IBD was diagnosed in 26 (63%) patients before OLT; 25 patients had total and one distal ulcerative colitis. Diagnosis of ulcerative colitis was made by routine pretransplant colonoscopy and histology in three asymptomatic patients and during exacerbation of disease at least 15 months before OLT in 23 patients. The median duration of ulcerative colitis was 86 (2-480) months at time of OLT (table 1) . The course of ulcerative colitis during the period up to five years before OLT was formally assessed pretransplant together with review of the medical records and it was considered quiescent if none or only one mild to moderate exacerbation of colitis had developed, steroid treatment had been given for less than two months, and there had been no need for hospital admission or no need for azathioprine treatment. Pretransplant ulcerative colitis course during the same period was considered active if there had been two or more mild to moderate exacerbations or one or more severe exacerbations of colitis or at least one hospital admission or treatment with steroids for more than two months or treatment with azathioprine. Patients who continuously needed steroids for maintaining remission were considered separately as steroid dependent as were those who had needed colectomy. Truelove and Witts criteria were used for classification of severity of ulcerative colitis exacerbation. 25 Three (11.5%) of the 26 patients with ulcerative colitis had undergone total colectomy before OLT; two because of intractability (1.5 and seven years before OLT) and one because of high grade dysplasia (six years before OLT). PSC had been diagnosed before colectomy in the first two patients and developed one year after colectomy in the third. Pretransplant ulcerative colitis course in the period up to five years before OLT was quiescent in 15 (65%) and active in eight (35%) of the remaining 23 patients. None of the 23 patients was taking azathioprine or was steroid dependent before OLT (table 1) . No patient had active ulcerative colitis or was taking steroids at the time of transplantation and no ulcerative colitis exacerbation was observed in the previous 12 months before OLT. Twenty one patients were taking mesalazine (n=15) or sulphasalazine (n=6), while five patients were taking no maintenance ulcerative colitis treatment (including the three patients with incidental ulcerative colitis diagnosis at pretransplant colonoscopy).
POPULATION AFTER OLT
Only the 30 (73%) patients who survived more than 12 months were included for the study of IBD after OLT. There were 18 men and 12 women, with a mean age of 38 (13) years (range 17-62). Survival was not significantly diVerent with and without IBD (18/26 (69%) versus 12/15 (80%), p=0.36) and was not related to ulcerative colitis course before OLT. Twelve (80%) of the patients with quiescent and four (50%) of those with active pretransplant ulcerative colitis course as well as two (67%) of the patients with previous colectomy survived more than 12 months (p=0.33). Median ulcerative colitis duration was 85 (2-480) months at time of OLT; seven of the 16 patients had ulcerative colitis for more than 10 years. Ten patients were non-smokers (seven with quiescent and three with active pretransplant ulcerative colitis course), five patients had stopped smoking 2-17 years before OLT (all of them within 3-12 months before ulcerative colitis diagnosis), and one patient with quiescent pretransplant ulcerative colitis was an occasional smoker.
Deaths in the first 12 months were related to sepsis in six patients (five in the first two months and one in the sixth month after initial OLT or two months after retransplantation), complications of graft dysfunction in two patients (both in the first month after OLT), severe rejection in one patient (five months after OLT), rupture of hepatic hematoma in one patient (two months after OLT), and disseminated cholangiocarcinoma in one patient (nine months after OLT). No ulcerative colitis exacerbation was observed in this subgroup of patients.
Post-transplant maintenance immunosuppression was cyclosporin (10 mg/kg/day) or tacrolimus (0.1 mg/kg/day), both in two divided daily doses with (n=18) or without (n=12) azathioprine (1 mg/kg/day). Steroids were withdrawn within six months in all but one patient, who received prednisolone for 12 months because of previous repeated rejection episodes. All patients with known ulcerative colitis were given long term mesalazine in standard dosage (1.5-2 g/day) within the first three months after OLT.
All patients were routinely observed for the development of colonic symptoms. The mean The course of ulcerative colitis during the total follow up period after OLT was compared with that in the period up to five years before OLT in the patients with previous established ulcerative colitis who had not undergone colectomy. The mean follow up in this group was 39 (17) months (range 12-74). Posttransplant ulcerative colitis course during the total follow up period after OLT was also classified as quiescent, active, steroid dependent, and patients with colectomy according to the same criteria used for classification of pretransplant ulcerative colitis course.
STATISTICAL ANALYSIS
Statistical analysis was carried out by corrected 2 test, two tailed Fisher's exact test, t test, and Wilcoxon rank sum test, when appropriate. All data were analysed using the statistical package SPSS 6.0.
Results
POST-TRANSPLANT ULCERATIVE COLITIS ACTIVITY
Post-transplant ulcerative colitis course after OLT compared with that during the five years before OLT was the same in eight (50%) and worse in eight (50%) of 16 patients. Ulcerative colitis activity worsened after OLT in four (33.3%) of the 12 patients with quiescent and in all four (100%) with active pretransplant ulcerative colitis course (p=0.08). In particular, ulcerative colitis after OLT remained quiescent in eight (66.7%), became active in one (8.3%), and steroid dependent in two (16.7%), and ended with a colectomy in one (8.3%) of the patients with a quiescent pretransplant ulcerative colitis course. It became steroid dependent in two (50%) and ended with a colectomy in the other two (50%) of the patients with an active pretransplant ulcerative colitis course (fig 1) .
All ulcerative colitis exacerbations were observed after steroid withdrawal and at least four months after OLT. In total, three (19%) of the patients underwent total colectomy at 9, 14, and 47 months after OLT. Indications for colectomy were severe acute exacerbations in the first two and intractable disease in the third patient.
Post-transplant ulcerative colitis activity was not found to be related to patients' sex, age at OLT, age at ulcerative colitis diagnosis, ulcerative colitis duration, PSC duration, or type of immunosuppression (cyclosporin alone or in combination with azathioprine) (table 2). With regard to smoking habits, post-transplant ulcerative colitis activity was worse in six of the 10 non-smoking patients and in two of the five patients who had stopped smoking before OLT.
Post-transplant ulcerative colitis course was not associated with graft survival. Patients with quiescent or active ulcerative colitis course after OLT had a similar incidence of acute (80% and 100% respectively, p=0.23) or chronic rejection (25% versus 14%, p=1.00) and of retransplantation (12.5% versus 37.5%, p=0.32) and similar duration of steroid treatment for cellular rejection (3.1 months in both groups).
DE NOVO IBD
Typical clinical and biopsy proved IBD developed in three (25%) of the 12 patients without IBD before transplantation who survived at least 12 months. Total ulcerative colitis was diagnosed in all cases at 9, 32 (or 11 months after retransplantation because of chronic rejection), and 45 months after OLT. Pretransplant colonoscopy and colon histology were completely normal in the two patients diagnosed at 32 and 45 months (both on cyclosporin and azathioprine). In the other patient, pretransplant check colonoscopy (two weeks before OLT) had showed mild oedema of the mucosa and colonic histology had revealed patchy mild non-specific inflammation; there was no history of diarrhoea or other symptoms or signs suggestive of IBD. Steroids had been withdrawn in the sixth month after OLT; she had been on monotherapy with cyclosporin.
De novo ulcerative colitis developed in three (60%) of five female and in none of seven male patients (p=0.04). Age at OLT, duration of PSC, and type of immunosuppression did not diVer between patients with de novo and those without IBD. Two patients were non-smokers and one had stopped smoking 2.5 years before OLT. The course of ulcerative colitis was quiescent (only one mild or moderate exacerbation at presentation which responded immediately to a short course of steroids) in the two patients diagnosed at nine and 45 months and followed up for six and 48 months after ulcerative colitis onset. The disease had an active course in the third patient ending in steroid dependence eight months after the first presentation.
RISK OF NEOPLASIA
No colorectal neoplasm has been diagnosed to date. A renal tumour (hypernephroma) was treated with nephrectomy at transplantation.
Three patients with cholangiocarcinoma died of cancer recurrence. The two with carcinoma detected before OLT died at nine and 24 months after OLT and one of the two with carcinoma detected incidentally at explant died after 76 months. The fourth patient is alive and cancer-free 14 months after OLT.
Discussion
In our centre, post-transplant ulcerative colitis seems to run the worst reported course. In this group of patients in which steroids were withdrawn early after OLT, post-transplant ulcerative colitis activity improved in none and worsened in 50% of the patients. All patients with a worse ulcerative colitis course had more frequent and more severe exacerbations requiring steroids for their treatment; four of the eight became steroid dependent and another three had to undergo total colectomy.
The course of IBD in PSC transplanted patients is very variable as shown by data from published studies (see table 3 ). Furthermore, assessment of IBD activity diVers between various studies and this makes comparisons even more diYcult. The most favourable IBD course was described in three studies using steroids in maintenance immunosuppression regimens, where improvement of IBD after OLT was observed in 59% of patients (43/73), while only 7% (5/73) became worse. 12 15 26 Post-transplant IBD course was described as generally mild in three other reports but without any comparison to the pretransplant course of the disease. 14 16 19 In another study, however, only 17% of patients (4/24) improved and 33% became worse despite similar immunosuppression regimens. 13 It should be noted that aggressiveness of IBD after OLT may have been overestimated in the latter series, as posttransplant course was compared with the immediate preoperative status of bowel disease and not to the activity of IBD over a longer period before OLT. 13 Progressive IBD after OLT was described in 31% of patients (6/19) in another recent study using triple immunosuppression, but four of the six patients reported to worsen had dysplasia or colon cancer and only two (10.5%) patients actually had worse IBD activity. 17 Liver transplantation does not seem to alter the course of pouchitis in patients with PSC with ileal pouch-anal anastomosis, although pathogenesis of pouchitis may be diVerent from that of IBD and only a small number of patients have been reported. 27 In a study from the Birmingham group, the only other study in which early steroid withdrawal was also used, poor control of IBD was observed in 35% of patients (9/26) transplanted for PSC although no comparison to the pretransplant IBD activity was given. 18 Summarising the above data, it seems that steroids or stronger immunosuppression may be very often needed as long term treatment for maintenance of remission in transplanted patients with IBD. In our study, all ulcerative colitis exacerbations presented after steroid withdrawal. Steroids, however, may not induce complete remission of bowel inflammation but may only control the patient's symptoms. In two studies where prednisolone was part of the maintenance immunosuppression regimen, evidence of active inflammation was often found endoscopically and histologically even in patients with clinically asymptomatic disease. 12 13 To date there is no hypothesis to explain or predict the post-transplant IBD course and its relation to immunosuppression. Patients with advanced liver disease often have a disturbed immune system and particularly depression of T cell function. 28 29 OLT creates a new balance in immunoregulation: the new liver and the restoration of a competent immune system on one side, and the immunosuppressive drugs on the other. Inappropriate drugs or inadequate dosage may be responsible for IBD cases presenting with aggressive disease after OLT despite immunosuppression. Cyclosporin or tacrolimus either on their own or together with steroids and/or azathioprine are the most common immunosuppressive drugs used as maintenance treatment after OLT. Cyclosporin in the low oral doses usually used after the first few months in transplanted patients has been mainly tried in patients with Crohn's disease and found to be ineVective in maintaining remission. 11 30-32 The role of tacrolimus has not been clarified, although it has been reported that it may favourably influence the symptoms of post-transplant IBD.
14 The dose of azathioprine may be important for prevention of IBD relapses, as dosage in transplanted patients is usually lower than the usual eVective dose in IBD (1.0-1.5 versus 2.0-2.5 mg/kg/day). 10 Steroids induce non-selective immunosuppression and are considered the treatment of choice for acute exacerbations of IBD. 10 33 Although steroids have not been shown to be eVective for overall maintenance of remission in IBD, there is a group of patients which is unable to stay in remission while being weaned oV the drug. 10 Predictive factors for post-transplant ulcerative colitis course were not identified in our study. It is noteworthy, however, that ulcerative colitis had a worse course in all patients with an active pretransplant ulcerative colitis course and in only one third of patients with a quiescent pretransplant ulcerative colitis course (p=0.08); the relatively small number of patients might be responsible for the nonsignificance of this finding. Furthermore, it should also be noted that none of our patients with active pretransplant ulcerative colitis had active disease or was taking steroids at the time of transplantation.
To date de novo ulcerative colitis after OLT has developed in three of 12 patients and this was more common in female patients. New onset IBD cases after transplantation and in particular after liver transplantation have also been reported by others. 13 34 Thus, it seems that an even closer association between PSC and IBD might exist if patients with PSC live long enough to express the colonic disease. The last observation favours the hypothesis of a common pathogenetic mechanism for both PSC and IBD, like autoimmunity against similar antigens in diVerent target organs. [35] [36] [37] It seems that even new onset IBD may have an aggressive course after OLT. Two of 14 patients with new onset IBD after renal or liver transplantation reported by Riley et al had to undergo colectomy 34 and one of our three patients became steroid dependent in a relatively short period. Steroids may have an inhibitory role in presentation of new IBD cases after transplantation, as none of our patients or those reported Riley and coworkers 34 presented before discontinuation or before a significant decrease in steroid dose.
The longer life span of PSC and ulcerative colitis patients with OLT results in longer duration of colonic disease and subsequently increases the risk of colorectal cancer. [38] [39] [40] Whether immunosuppressive drugs after OLT further increase the risk of colon cancer is not clear. No colorectal cancer developed in our patients nor in those reported by Shaked et al 13 in a combined total of 40 patients followed up for 30-38 months after OLT. The low prevalence of colorectal cancer (3/91 or 3%) in transplanted patients with long standing ulcerative colitis was also described in a very recent report of a large number of patients. 19 Contrary to the above mentioned studies, a high incidence (5-14%) of colorectal cancer in such patients with a similar follow up has been reported by others. 17 20-22 However, seven of the eight cancer cases in the latter studies were detected in the first 9-27 months after OLT; all patients had extensive ulcerative colitis and duration of disease was more than 17 years in all but one patient (nine years). 17 20-22 The high detection rate of colorectal cancer in high risk patients with ulcerative colitis early after OLT favours the hypothesis of a preexisting malignant focus which may have an accelerated progression and become clinically detectable early on because of heavy immunosuppression or other conditions of transplantation.
In conclusion, ulcerative colitis, in patients transplanted for PSC and treated with early steroid withdrawal, seems to have an aggressive course in half of the cases despite maintenance immunosuppression with cyclosporin with or without low dose azathioprine; steroids are very often needed to treat the colonic disease. Whether steroids should be maintained long term remains a moot point, as there is a significant morbidity due to side eVects. Perhaps the azathioprine dose could be increased, but the potential side eVects, including possible oncogenesis, may be more likely and/or more severe in immunosuppressed patients. This needs more evaluation. De novo IBD, and particularly ulcerative colitis, may develop after OLT and this strengthens the association between PSC and ulcerative colitis. In contrast to other studies, the risk of colorectal cancer was not high in our patients despite similar follow up times. Careful study of the course of a preexisting or new onset immune mediated disease such as IBD in individuals on immunosuppressive drugs could help in our understanding of the pathogenesis of IBD and the ineffectiveness of maintenance immunosuppressive drug regimens in many such cases.
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